The Childhood Leukemia Survival Study is examining the possible association between magnetic field exposure and survival of children with newly diagnosed acute lymphocytic leukemia ( ALL ). We report the results of serial 24 -h personal magnetic field monitoring for 412 US and Canadian children and present the correlations between annual values. The mean time -weighted average ( TWA ) and geometric mean ( GM ) were similar for first, second, and third year measurements [ TWA: 0.11 T (n = 412 ), 0.13 T (n = 304 ), and 0.12 T (n = 134 ), respectively ]. There were no consistent differences in mean TWA or GM based on age or gender. Significantly lower mean TWA and GM were found for children living in rural areas. Higher exposures were noted among children living in urban areas, among apartments dwellers, and those living in rental homes. Measurements taken during summer months and among children residing in the northeast and Canada also tended to be higher. Correlations for most metrics were increased among children who had annual measurements performed during the same season. The metric with the highest year -to -year correlation was the GM. The lowest correlations were found for metrics estimating field intermittency and temporal stability. First to second year GMs were well correlated when taken in the same home ( Spearman rank correlation = 0.70 ), but a lower correlation ( 0.44 ) was noted among residentially mobile children. Our findings suggest that summarizing exposure using a single measurement of GM can estimate exposures for residentially stable children, but is not a good predictor of personal exposures among children who change residence during the study interval.
Introduction
The Childhood Leukemia Survival Study is evaluating the possible association between magnetic field exposure and 3 -to 5 -year relapse -free survival and total survival among children with newly diagnosed acute lymphocytic leukemia (ALL ). Accrual closed in January 2001 and monitoring ended in February 2001. The survival analysis will be performed when a minimum of 3 years of follow -up time accumulates for all children.
The study was designed to gather a variety of characteristics of the child's personal exposure to magnetic fields: time -weighted average (TWA ), geometric mean (GM ), percentage time spent over 0.2, 0.3, and 0.4 T, 95th percentile ( P95 ) of all values during the 24-h interval, and three estimates of field intermittency and temporal stability.
Personal 24-h magnetic field exposures were monitored prospectively, with the first measurement taken shortly after enrollment and later measurements taken at the beginning of the second and third year after enrollment. In this report, we compare annual results, evaluate the correlations between serial measurements, identify the role of demographic factors and activity patterns in exposure, and clarify the impact of a change of residence on a child's 24 -h exposure. Our goal was to identify the exposure metric most highly correlated in serial assessments and to investigate whether a single assessment of magnetic field exposure could be used to estimate a child's exposure over the following 1 -2 years.
Methods
Eligibility criteria for enrollment onto the Childhood Leukemia Survival Study included B -precursor, T-cell, B -cell, or infant ALL diagnosed within the last 12 weeks, undergoing treatment at a Pediatric Oncology Group (POG ) hospital with Institutional Review Board ( IRB ) approval for the study, age 6 months to 15 years, and an adult family member who speaks English, Spanish, or French. Health professionals at POG hospitals introduced the study to eligible children and their families. Interested families completed informed consent documents and a baseline questionnaire.
During the study accrual period, 29% of eligible children ( 482/1672) were enrolled. There were no significant differences in age and gender between enrolled and eligible / not enrolled children. However, the percentages of white and Hawaiian children were significantly higher and the percentages of Hispanic and African -American children were lower among the enrolled than among eligible/not enrolled children. Enrollment patterns reflect, in part, the active participation from hospitals in the Midwest, South, and Hawaii. The introduction of the study was at the discretion of the treating health professional. We surveyed POG staff regarding factors influencing accrual patterns. The most common reasons for not introducing the study to families were lack of staff time, a focus on treatment of newly diagnosed children, and lack of available translators.
The exposure measurement protocol was initiated when the child completed induction therapy and was undergoing intensification (consolidation ) therapy as an outpatient (Pui and Evans, 1998) . The timing of the first measurement was based on the therapeutic schedule and was not influenced by gender, age, season, or geographic region of residence. The meter used for measurement ( EMDEX Lite; Enertech Consultants, Campbell, CA ) was exchanged by mail. The child wore the meter in a teddy bear backpack or fanny pack for 24 h during a typical weekday ( capturing school or daycare exposure, if the child had returned to these activities). The meter and carrying pack were placed near the child during bathing or while sleeping. A 24 -h activity diary was completed by the parents and returned by mail with the meter.
Meters for the second and third measurements were sent to the child during the same month as the first meter, to minimize possible seasonal differences in results. Annual measurements were chosen to simplify the exposure measurement protocol for families and to maximize participation. Years 2 and 3 meters were not sent to families who failed to return an earlier meter, who could not be reached by telephone, who were lost to follow -up by the treating hospital, or who declined to participate. When calling to arrange the mailing of second and third meters, families were asked if the residence had changed and if the child was currently attending school or daycare.
The EMDEX Lite measures and stores the broadband (30 -800 Hz ) magnetic field along three orthogonal axes every 4 s ( Enertech Consultants, 1994 ( Zaffanella and Kalton, 1998 ) . The Constant Field Metric is defined as the percentage of the measurement period during which:
the magnetic field is greater than 0.2 T;
the orthogonal components of the magnetic field do not vary by more than 10% of the resultant value of the first measurement in the period; and the first two conditions are met for at least 12 s (at least four consecutive EMDEX measurements ). ( 24 ), townhouse ( 2 ), motel ( 1 ), and not classified ( 9 ).
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The RCM and RCMS estimate the variability and firstlag autocorrection of the measurements ( Burch et al., 1998 ) . The RCM is defined as:
where R n is the nth magnetic field resultant measured in the time series. The RCM is a measure of the average change of the magnetic field resultant between successive measurements (T/4 s).
RCMS estimates the first -lag autocorrelation (per 4 s) defined as:
where is the standard deviation of the resultant over which the RCM is calculated.
In this article, we calculated the mean and standard deviation of each exposure metric for the 412 first -year, 304 second -year, and 134 third -year measurements. Special focus was placed on the 24 -h TWA and GM: we summarized TWA and GM by the season of measurement, geographic region, age ( < 5 years, ! 5 years ), gender, locale (rural /suburban /urban ), and type of residence. Single factor analyses were performed using the KruskalWallis test. Parameter estimates ( with standard error and probability ) were derived from multiple linear regression modeling, using the log of GM in microtesla as the dependent variable.
The Spearman rank correlation between year-to -year measurements was calculated for each metric. For first to second year measurements, we evaluated the correlations between exposure metrics for children who were residentially stable versus children who had moved during the first year of follow -up. A subset of children completed the first and second monitoring sessions during the same season of the year. Correlations between same -season measurements, for both residentially stable children and children who had moved, were also calculated.
Finally, we summarized the activity logs completed by the families during the day of the measurement. We compared activity patterns by age of child ( <5 years, ! 5 years ), and by measurement year. We predicted that time spent outside the home would be less during the first measurement (soon after hospital discharge) than during later measurement, and that this difference would influence mean annual exposures.
Results
Of the 482 enrolled children, 438 ( 91% ) participated in the first measurement, 373 in the second measurement ( 82% of eligible in the second year of follow -up ), and 182 in the third measurement (74% of eligible in the third year of follow -up). In each year, 5-6% of returned meters did not have full 24 -h data, resulting in 412, 304, and 134 complete first, second, and third measurements, respectively. When accrual and monitoring ended in 2001, complete 3 -year measurements had been obtained for 38% of the cohort. Although measurement sessions were scheduled to occur , 2000 ) . Table 1 presents first, second, and third measurements by TWA and alternative metrics. Outliers in the first and second year data had a disproportionate effect on the 24-h and night TWAs and the P95 value. Follow -up with the two families revealed that the meter was positioned equidistant to a portable electric fan and the child's head. As the protocol for meter placement was followed, both readings were retained. Data in Tables 1 and 2 are presented with and without these observations.
As shown in Table 1 , 24 -h TWA values were generally similar over time. Daytime TWAs were somewhat higher than nighttime TWAs (without the two outliers ). The GM and percentage of time spent in the higher exposure bins tended to be higher in the third measurement than in earlier measurements. However, year-to -year differences in TWA, GM, and percentages were not statistically significant. Table 2 details 24 -h TWA and GM by season, geographic region, age, gender, locale, and residential characteristics. Due to the small number of Year 3 values, Tables 2 -4 focus on Years 1 and 2 results. The factors most strongly associated with higher TWA and GM were locale ( urban / suburban > rural ), the type of home ( apartment > single house ), and rental status of the home. Children living in the northeast and Canada tended to have higher exposures than other children. There were no significant differences in TWA or GM based on gender. The TWAs for children less than age 5 tended to be lower than the TWAs for older children, but this was influenced by the very high readings noted for two teenage boys using nighttime fans. Table 3 presents the results of the multiple linear regression analysis. Significantly lower estimates in both years were found among children living in rural areas. Rental homes (versus homes that were owned ) and apartments (versus single houses ) had higher values ( borderline statistical significance ). There was less year-to -year consistency in other factors. Table 4 includes the correlations between first and second year measurements by residential stability and season of measurement. The highest correlations (near 0.7) were found for GM among residentially stable children. Night TWAs were generally more highly correlated than day TWAs. Restricting analysis to children who were monitored during the same season increased the correlations of 24 -h TWA, night TWA, and GM. RCM and RCMS, estimating temporal stability and intermittency, were not well correlated over time (typically less than 0.2 ).
To investigate the importance of the home environment in a child's personal magnetic field exposure, we analyzed the year-to-year correlation among the 49 children who moved between the first and second measurements (Table 4) . Most moves (35 /49, 71% ) were local, with children remaining in the same school or daycare. Ten families ( 20% ) moved to nearby towns, while four families (8%) moved out of state. Moving to a different home resulted in lower year-to -year correlation for exposure metrics, with the correlation of GM dropping from 0.7 to 0.4.
A summary of the information reported on activity logs during the day of monitoring is presented in Table 5 . When arranging for meter send -out, we asked parents if the child had returned to regular activities. The first values were often gathered when the child was resting at home following Correlation of year-to-year magnetic field metrics Foliart et al.
hospital discharge. At the time of the second and third monitoring, 75% and 82% of children, respectively, had returned to school or daycare. The percentage of time spent outside the home increased over the period of follow -up, with a significant difference noted between Years 1 and 2. While children spent a larger percentage of their time outside the home in Years 2 and 3, there was no significant difference in TWA or GM between years (Table 1 ) .
Discussion
The range of mean 24 -h TWAs among our cohort of children across all 3 years ( 0.11 -0.13 T ) was similar to personal exposure results reported in other studies of children ( Kaune and Zaffanella, 1994; Linet et al., 1997; Zaffanella and Kalton, 1998; Deadman et al., 1999 ) . Overall exposures were low, with a P95 value for our cohort of 0.3 T, somewhat lower than the P95 of 0.35 T noted among Canadian children (Deadman et al., 1999 ) . When two outlier points were removed, day TWAs were higher than night TWAs in all 3 years, consistent with findings reported by Deadman et al. ( 1999 ) . The factor most strongly associated with TWA and GM was the locale of the home, with children living in rural areas having significantly lower exposures. Researchers have consistently found differences in magnetic field exposures based on surrounding locale, with exposures in urban areas greater than in suburban and rural areas ( Silva et al., 1989; Zaffanella, 1993; Clinard et al., 1999; Kavet et al., 1999 ) .
Mean TWA and GM tended to be higher in the northeast than in other regions of the US, a finding noted in the 1000 -Person Survey (Zaffanella and Kalton, 1998 ) . Regional differences in exposure have also been found among Canadian children (Deadman et al., 1999; Armstrong et al., 2001 ) .
School age children in our study spent a larger percentage of time outside the home than did younger children (particularly in Year 2). The variation in activity patterns based on age did not translate into consistent differences in magnetic field exposure. Age -related differences in exposure were noted among the 139 healthy children who participated in the 1000 -Person Survey: children over age 5 had lower exposures than younger children ( Zaffanella and Kalton, 1998 ) .
Of the 11 metrics monitored among residentially stable children, the GM had the highest year-to -year correlation. Bracken ( 1994 ) , sampling exposures among adults over a 2 -year period, reported correlations similar to our findings for residentially stable children (Spearman coefficients ! 0.7 ). The GM is less sensitive to data outliers and is a more stable metric than TWA. A recent pooled analysis of childhood leukemia risk used estimates of GM in the child's home as the exposure metric (Ahlbom et al., 2000 ) .
The correlations between first and second year TWAs and GMs were highest among children who lived in the same residence. Children living in apartments and rental homes had higher mean exposures than comparison groups. Our results suggest that factors intrinsic to the home influence childhood magnetic field exposures. Armstrong et al. (2001 ) found the type of residence (e.g., single family home versus apartment ) to be a strong predictor of childhood exposure. Kavet et al. (1999 ) , focusing on homes located away from power lines, found that the presence of ground currents, the number of service drops on the same transformer serving the home, and increasing age of the home predicted higher residential magnetic fields. The 1000 -Home Survey reported higher magnetic fields in old versus new houses and in houses with grounding to a 
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Correlation of year-to-year magnetic field metrics metallic water line ( Zaffanella, 1993 ) . Silva et al. (1989 ) , in a survey of 91 sites, also found the grounding system to be an important predictor of measurement variance. Investigators attempt to design exposure assessments that gather accurate, precise, and reproducible information and are not burdensome to families. A single 24 -h assessment of a child's exposure, if predictive of the child's exposure during the follow -up interval, would be a practical alternative to serial monitoring. Our results indicate that a single monitoring of personal exposure can be useful in estimating central tendency metrics for long -term exposures of children who remain in the same home. However, a single assessment is not a good predictor of exposure over the next 2 years among children who change residences. The annual moving rate of US families with young children is close to 20%. This large percentage of residentially mobile families should be considered when designing future studies of magnetic field exposure among children with leukemia.
